###### Strengths and limitations of this study

-   The strengths of this study included a well-defined community setting, a fair sized sample size and comprehensive measurements of cardiometabolic risk profiles.

-   The thorough analyses of the associations between mid-upper arm circumference (MUAC) and a wide spectrum of cardiometabolic risk profiles including central obesity, diabetes, hypertension, hypertriglyceridaemia, low high-density lipoprotein cholesterol and subclinical atherosclerosis.

-   Although our findings support that MUAC could be a reliable surrogate of upper body adiposity, MUAC is a measurement which reflects both adipose and lean tissue rather than a direct indicator for adiposity.

-   Age-related changes in body composition might influence these findings.

-   This study was restricted to middle-aged and elderly Chinese adults, and the generalisability of our findings should be cautious to other demographic and ethnic populations.

Introduction {#s1}
============

Cardiometabolic disorders describe a spectrum of interconnected pathological alterations in the cardiovascular system and metabolic organs that symbiotically increase the risk of cardiovascular disease (CVD), which is a major cause of mortality and increasing burden of healthcare expenditure worldwide.[@R1] Several important cardiometabolic disorders, including obesity, diabetes, insulin resistance, dyslipidaemia and hypertension, are important risk factors for CVD and could be served as targets for early identification and personalised prevention for CVD.[@R2] In addition, as a common contributor of CVD, atherosclerosis goes through a protracted subclinical phase and could only be detected at an advanced stage of CVD.[@R6] Thus, identification of subclinical atherosclerosis in the asymptomatic period is also critical for the prevention of CVD progression. Non-invasive ultrasonography measured carotid intima-media thickness (CIMT) is a well-established clinical index for early arteriosclerosis detection and therefore has been extensively adopted to measure subclinical atherosclerosis.[@R8]

Fat distribution, specifically upper body and visceral adiposity, has been proven highly relevant to cardiovascular risk.[@R9] In addition to the conventional body fat indices such as body mass index (BMI) and waist circumference (WC), mid-upper arm circumference (MUAC), a novel anthropometric measurement, has been widely used in the screening of malnutrition, adiposity and chronic diseases.[@R11] However, current epidemiological studies have revealed inconsistent results with regard to the association between MUAC and cardiometabolic risk. A cross-sectional study using data from the National Health and Nutrition Examination Survey 1999--2006 circles has reported a positive association between MUAC and insulin resistance in non-obese individuals but no significant association in obese individuals.[@R9] In a prospective cohort study of 1061 European elderly participants with a follow-up of approximately 6 years, a larger MUAC was associated with elevated risks of all-cause or CVD mortality.[@R12] By contrast, in the Canada Fitness Survey of 10 638 adults, a larger MUAC was independently associated with a lower risk of all-cause mortality.[@R13] And such inverse association between a larger MUAC and a lower risk of mortality was also documented in the British National Diet and Nutrition Survey of 1054 participants with more than 15 years of follow-up.[@R14]

So far, most of the previous studies were conducted in European population. Chinese population tends to have a higher percentage of body fat, a weaker willingness on body build and less muscle mass as well as connective tissue as compared with their European counterparts.[@R15] These different features in body composition may translate into varying susceptibilities to adiposity-related cardiometabolic disorders. However, comprehensive analyses on associations between MUAC and cardiovascular risk profiles in Chinese population are still limited. Therefore, this study aimed to investigate the association between MUAC and multiple cardiometabolic disorders as well as subclinical atherosclerosis in Chinese population.

Methods {#s2}
=======

Study population {#s2-1}
----------------

This is a cross-sectional analysis based on one of the follow-up circles of the established community-based cohort.[@R16] Eligible participants aged 40 years or older were identified from the local residence registration records. There was no restriction on ethnicity or gender. Each eligible participant was recruited by trained community staff and local health workers using a door-to-door invitation method. Participants who consented for the study and signed informed consent were scheduled for health examinations. Briefly, a total of 6570 participants aged 40 years or older were enrolled from Jiading district, Shanghai, China, from August 2014 to May 2015. All participants received anthropometric measurements including height, weight, WC and MUAC, a standard 75 g oral glucose tolerance test (OGTT) and a standard questionnaire to collect information regarding social demographic characteristics, education attainment, lifestyle factors and history of disease and medicine. Blood samples were collected for biochemical measurements. In the present study, 283 participants were excluded due to missing data on MUAC or CIMT, and a total of 6287 participants were included in the final analysis. Written informed consents were obtained from all study participants.

Data collection and biochemical measurements {#s2-2}
--------------------------------------------

Detailed information on sociodemographic characteristics, education attainment and lifestyle factors, including smoking and alcohol drinking habits and physical activity, family history and medical history was obtained by using a standard questionnaire administered by trained personnel. Current smokers or alcohol drinkers were defined as persons who consumed any kinds of cigarettes or alcohol regularly in the past 6 months, respectively. Physical activity in terms of metabolic equivalent hour/week was calculated according to the short form of the International Physical Activity Questionnaire including physical activities both during leisure time and at work.[@R18]

Anthropometric measurements including height, weight, WC and MUAC were assessed by well-trained physician according to a standard protocol. Body height and weight were measured with participants wearing light clothes without shoes to the nearest 0.1 cm and 0.1 kg, respectively. BMI was calculated as body weight in kilograms divided by body height in metres squared (kg/m^2^). MUAC was measured on the upper left arm (halfway between the acromion process and the olecranon process) with the participants' bilateral arms hanging down naturally. WC was measured at the level of the umbilicus with the participants in the standing position. Systolic and diastolic blood pressures were measured in the non-dominant arm with an automated electronic sphygmomanometer (OMRON Model HEM-752 FUZZY, Omron, Dalian, China) three times (averaged for analysis) consecutively with 1 min interval after at least 5 min rest in a seated position.

All participants were undertaken a 75 g OGTT after an overnight fasting. Fasting plasma glucose and OGTT 2-hour plasma glucose were measured using hexokinase method on a clinical chemistry diagnostic system (Modular P800; Roche, Basel, Switzerland). Serum concentrations of total cholesterol, triglycerides, high-density lipoprotein (HDL) cholesterol and low-density lipoprotein (LDL) cholesterol were measured by an autoanalyser (Modular E170; Roche). High-sensitive C-reactive protein concentration was determined by highly sensitive competitive immunoassay (antigens and antibodies from Beckman coulter IMMAGE800, America). Serum insulin was measured by using the electrochemiluminescence methods on an immunology analyser (RIABEAD II; Abbott, Tokyo, Japan). Homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as fasting insulin (μIU/mL)×fasting plasma glucose (mmol/L)/22.5, and insulin resistance was defined as HOMA-IR ≥2.8, which is the cut-off point for the highest quartile of the total participants.

Definitions of cardiometabolic risk profile {#s2-3}
-------------------------------------------

Type 2 diabetes was defined as fasting plasma glucose ≥7.0 mmol/L, or OGTT 2-hour plasma glucose ≥11.1 mmol/L or use of antidiabetic agents.[@R19] Hypertension was defined as systolic blood pressure ≥140 mm Hg, or diastolic blood pressure ≥90 mm Hg or current taking an antihypertensive medication. Central obesity was deﬁned as WC ≥102 cm for men and ≥88 cm for women. Hypertriglyceridaemia was defined as triglycerides ≥2.26 mmol/L. Low HDL cholesterol was defined as HDL cholesterol \<1.04 mmol/L.

CIMT measurement was conducted by a trained sonographer using a high-resolution B-mode tomographic ultrasound system (Esaote Biomedica, Genoa, Italy) with a linear 7.5 MHz transducer.[@R17] The position of CIMT measurement was recorded on the far wall of both right and left common carotid arteries, 1.5 cm proximal to the bifurcation. CIMT was measured on-line at the end of diastole as a distance from the leading edge of the first echogenic line to that of the second. These two lines represent the lumen-intima interface and collagen-contained upper layer of tunic adventitia, respectively. Subclinical atherosclerosis was defined as a bilateral CIMT average greater than 0.8 mm, which is the highest quartile cut-off point of the total participants.

Statistical analyses {#s2-4}
--------------------

SAS V.9.2 (SAS Institute) was used for statistical analysis. Continuous variables were described as means±SDs or medians (IQRs), and categorical variables as numbers (percentages). Variables with skewed distributions, such as HOMA-IR, triglycerides and C-reactive protein, were normalised by logarithmic transformation before analysis.

Participants were divided into four subgroups according to quartiles of MUAC. The ranges of MUAC within each quartile were 15.5--27.1 cm for quartile 1; 27.2--29.1 cm for quartile 2; 29.2--31.2 cm for quartile 3; and 31.3--43.3 cm for quartile 4. Linear regression analysis was used to test the trend of continuous variables across MUAC quartiles and the Cochran-Armitage trend χ^2^ test was used to test the differences of proportions of categorical variables. Multivariable linear regression and multivariable logistic regression analyses were conducted to assess the associations of MUAC with multiple cardiometabolic disorders and subclinical atherosclerosis, with adjustment for age, sex, BMI, WC, current smoking, current drinking, physical activity, C-reactive protein, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, fasting plasma glucose and systolic blood pressure. Stratiﬁcation analyses by age, BMI, WC, diabetes, insulin resistance and hypertension were also performed. Interactions were tested by adding the respective multiplicative terms in the models simultaneously. Statistical significance was set to a two-sided p value of less than 0.05.

Patient and public involvement {#s2-5}
------------------------------

This study was conducted without patient and public involvement. No patients were invited to participate in the development of the research question and outcome measures, the study design and the interpretation of the results. The findings from this study will be disseminated to the participants after the results are published in a peer-reviewed journal.

Results {#s3}
=======

Characteristics of the study participants {#s3-1}
-----------------------------------------

Study participants included 2310 (36.7%) men and 3977 (63.3%) women with an average age of 62.2 years (SD: 8.78). Sociodemographic and clinical characteristics of the study participants according to MUAC quartiles are shown in [table 1](#T1){ref-type="table"}. Participants with a large MUAC were younger, had higher levels of BMI, WC, systolic and diastolic blood pressures, fasting plasma glucose, HOMA-IR, LDL cholesterol, triglycerides, C-reactive protein and CIMT, had higher proportions of insulin resistance, hypertension, diabetes and subclinical atherosclerosis and had lower levels of HDL cholesterol (all p\<0.05; [table 1](#T1){ref-type="table"}). Consistent linear associations were observed between MUAC and these cardiometabolic profiles ([online supplementary table 1](#SP1){ref-type="supplementary-material"}).
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###### 

Characteristics of study participants according to quartiles of mid-upper arm circumference

                                       Mid-upper arm circumference, cm                                                               
  ------------------------------------ --------------------------------- ------------------- ------------------- ------------------- ----------
  n                                    1510                              1570                1582                1625                
  Age (years)                          63.4±9.2                          62.2±8.8            61.7±8.6            61.6±8.4            \<0.0001
  Female, n (%)                        1110 (27.9)                       1048 (26.4)         922 (23.2)          897 (22.6)          
  Body mass index (kg/m^2^)            22.3±2.8                          24.2±3.8            25.5±3.2            27.9±7.5            \<0.0001
  Waist circumference (cm)             75.6±8.5                          81.4±7.9            85.5±8.3            91.6±9.2            \<0.0001
  Systolic blood pressure (mm Hg)      132.6±18.0                        133.4±17.3          136.0±17.2          137.0±16.4          \<0.0001
  Diastolic blood pressure (mm Hg)     74.2±9.5                          75.7±9.3            77.2±9.2            78.0±9.8            \<0.0001
  Current smoking, n (%)               196 (13.0)                        279 (17.8)          346 (21.9)          393 (24.2)          \<0.0001
  Current drinking, n (%)              151 (10)                          195 (12.4)          256 (16.2)          290 (17.9)          \<0.0001
  Physical activity (MET-hour/week)    21.0 (6.0--21.0)                  15.3 (3.0--21.0)    15.0 (3.0--21.0)    15.0 (3.0--21.0)    0.30
  Fasting plasma glucose (mmol/L)      5.99±1.36                         6.06±1.34           6.21±1.57           6.28±1.61           \<0.0001
  HOMA-IR                              1.42 (0.99--2.15)                 1.75 (1.20--2.57)   1.95 (1.35--2.86)   2.43 (1.69--3.55)   \<0.0001
  Total cholesterol (mmol/L)           5.28±0.95                         5.31±0.98           5.26±1.04           5.24±1.08           0.20
  LDL cholesterol (mmol/L)             3.56±0.75                         3.62±0.77           3.62±0.83           3.63±0.81           0.02
  HDL cholesterol (mmol/L)             1.42±0.33                         1.35±0.29           1.31±0.29           1.27±0.27           \<0.0001
  Triglycerides (mmol/L)               1.33 (0.98--1.84)                 1.49 (1.07--2.12)   1.58 (1.12--2.25)   1.66 (1.19--2.30)   \<0.0001
  C-reactive protein (mg/L)            0.19 (0.14--0.28)                 0.21 (0.16--0.31)   0.23 (0.17--0.35)   0.25 (0.18--0.39)   \<0.0001
  CIMT (mm)                            0.69±0.16                         0.70±0.15           0.70±0.14           0.72±0.14           \<0.0001
  Insulin resistance, n (%)            203 (13.5)                        313 (20.0)          410 (26.0)          655 (40.5)          \<0.0001
  Hypertension, n (%)                  747 (49.5)                        862 (52.7)          978 (61.9)          1108 (68.3)         \<0.0001
  Diabetes, n (%)                      368 (24.7)                        403 (25.9)          457 (29.2)          533 (33.2)          \<0.0001
  Subclinical atherosclerosis, n (%)   472 (31.3)                        541 (34.5)          555 (35.1)          590 (36.3)          0.0035

Data are presented as means±SD, or medians (IQRs) for skewed variables, or number (proportions) for categorical variables. P values were calculated from one-way analysis of variance (ANOVA) for continuous variables and χ^2^ test for categorical variables. Subclinical atherosclerosis was defined as CIMT ≥0.8 mm, which is the cut-off point for the highest quartile of the total participants. Insulin resistance was defined as HOMA-IR ≥2.8, which is the cut-off point for the highest quartile of the total participants.

CIMT, carotid intima-media thickness; HDL, high-density lipoprotein; HOMA-IR, homeostasis model assessment of insulin resistance; LDL, low-density lipoprotein; MET, metabolic equivalent task.

Association between MUAC and cardiometabolic disorders {#s3-2}
------------------------------------------------------

As shown in [table 2](#T2){ref-type="table"}, the multivariable-adjusted OR per 1 SD increment (3.13 cm) in MUAC was 2.05 (95% CI 1.85 to 2.28) for central obesity, 1.09 (95% CI 1.02 to 1.16) for diabetes, 1.21 (95% CI 1.14 to 1.30) for hypertension, 1.24 (95% CI 1.15 to 1.35) for hypertriglyceridaemia and 1.26 (95 CI 1.16 to 1.37) for low HDL cholesterol. Most of these associations were not substantially changed after additional adjustment for WC, except for diabetes and hypertriglyceridaemia. When stratified by sex, similar but more prominent associations between MUAC and these cardiometabolic disorders were observed among women.

###### 

Association between mid-upper arm circumference and multiple cardiometabolic disorders in total and sex-specific participants

                                     OR (95% CI)   P for trend                                                                             
  ------------------------ --------- ------------- --------------------- --------------------- --------------------- --------------------- ----------
  Total                                                                                                                                    
   Central obesity         Model 1   1.00          1.43 (0.99 to 2.05)   3.44 (2.45 to 4.82)   7.25 (5.12 to 10.3)   2.05 (1.85 to 2.28)   \<0.0001
                           Model 2   1.00          1.43 (0.99 to 2.05)   3.44 (2.45 to 4.82)   7.25 (5.12 to 10.3)   2.05 (1.85 to 2.28)   \<0.0001
   Diabetes                Model 1   1.00          1.00 (0.82 to 1.21)   1.13 (0.93 to 1.37)   1.26 (1.02 to 1.55)   1.09 (1.02 to 1.16)   0.02
                           Model 2   1.00          0.87 (0.73 to 1.06)   0.89 (0.73 to 1.10)   0.87 (0.70 to 1.09)   0.96 (0.90 to 1.04)   0.33
   Hypertension            Model 1   1.00          1.04 (0.87 to 1.24)   1.57 (1.30 to 1.89)   1.65 (1.34 to 2.04)   1.21 (1.14 to 1.30)   \<0.0001
                           Model 2   1.00          0.92 (0.77 to 1.10)   1.29 (1.06 to 1.56)   1.23 (0.98 to 1.53)   1.10 (1.03 to 1.19)   0.006
   Hypertriglyceridaemia   Model 1   1.00          1.55 (1.25 to 1.92)   1.78 (1.43 to 2.21)   1.92 (1.53 to 2.41)   1.24 (1.15 to 1.35)   \<0.0001
                           Model 2   1.00          1.31 (1.05 to 1.63)   1.32 (1.05 to 1.66)   1.19 (0.93 to 1.54)   1.03 (0.94 to 1.13)   0.28
   Low HDL cholesterol     Model 1   1.00          1.40 (1.06 to 1.84)   1.80 (1.38 to 2.35)   2.06 (1.57 to 2.69)   1.26 (1.16 to 1.37)   \<0.0001
                           Model 2   1.00          1.21 (0.91 to 1.60)   1.41 (1.06 to 1.86)   1.38 (1.02 to 1.88)   1.10 (1.01 to 1.22)   0.03
  Women                                                                                                                                    
   Central obesity         Model 1   1.00          1.49 (1.04 to 2.15)   3.54 (2.50 to 4.99)   7.10 (4.97 to 10.2)   2.01 (1.81 to 2.25)   \<0.0001
                           Model 2   1.00          1.49 (1.04 to 2.15)   3.54 (2.50 to 4.99)   7.10 (4.97 to 10.2)   2.01 (1.81 to 2.25)   \<0.0001
   Diabetes                Model 1   1.00          1.11 (0.89 to 1.41)   1.29 (1.01 to 1.65)   1.39 (1.07 to 1.80)   1.12 (1.03 to 1.22)   0.007
                           Model 2   1.00          0.98 (0.77 to 1.24)   1.03 (0.80 to 1.32)   0.97 (0.73 to 1.29)   0.99 (0.91 to 1.09)   0.93
   Hypertension            Model 1   1.00          1.10 (0.89 to 1.35)   1.93 (1.54 to 2.44)   1.80 (1.39 to 2.33)   1.27 (1.17 to 1.38)   \<0.0001
                           Model 2   1.00          0.96 (0.78 to 1.18)   1.55 (1.23 to 1.97)   1.29 (0.98 to 1.68)   1.14 (1.05 to 1.24)   0.003
   Hypertriglyceridaemia   Model 1   1.00          1.63 (1.28 to 2.01)   1.89 (1.48 to 2.42)   1.84 (1.42 to 2.38)   1.25 (1.15 to 1.37)   \<0.0001
                           Model 2   1.00          1.38 (1.08 to 1.78)   1.43 (1.09 to 1.86)   1.17 (0.87 to 1.58)   1.05 (0.94 to 1.17)   0.33
   Low HDL cholesterol     Model 1   1.00          1.67 (1.17 to 2.38)   1.94 (1.36 to 2.77)   1.87 (1.29 to 2.71)   1.21 (1.09 to 1.35)   0.0007
                           Model 2   1.00          1.47 (1.03 to 2.21)   1.56 (1.07 to 2.28)   1.32 (0.86 to 2.01)   1.08 (0.91 to 1.23)   0.23
  Men                                                                                                                                      
   Central obesity         Model 1   1.00          0.38 (0.02 to 6.61)   3.99 (0.49 to 32.0)   10.4 (1.33 to 81.2)   3.08 (1.92 to 4.95)   \<0.0001
                           Model 2   1.00          0.38 (0.02 to 6.61)   3.99 (0.49 to 32.0)   10.4 (1.33 to 81.2)   3.08 (1.92 to 4.95)   \<0.0001
   Diabetes                Model 1   1.00          0.79 (0.56 to 1.10)   0.85 (0.61 to 1.18)   0.97 (0.68 to 1.38)   1.01 (0.90 to 1.13)   0.84
                           Model 2   1.00          0.69 (0.49 to 0.98)   0.68 (0.48 to 0.97)   0.69 (0.47 to 1.01)   0.91 (0.81 to 1.03)   0.12
   Hypertension            Model 1   1.00          0.92 (0.66 to 1.29)   1.06 (0.76 to 1.48)   1.29 (0.89 to 1.88)   1.10 (0.98 to 1.24)   0.10
                           Model 2   1.00          0.84 (0.60 to 1.17)   0.91 (0.65 to 1.28)   1.03 (0.70 to 1.52)   1.03 (0.91 to 1.16)   0.68
   Hypertriglyceridaemia   Model 1   1.00          1.37 (0.85 to 2.21)   1.46 (0.92 to 2.31)   1.66 (1.03 to 2.67)   1.13 (0.96 to 1.32)   0.04
                           Model 2   1.00          1.19 (0.73 to 1.92)   1.15 (0.72 to 1.84)   1.13 (0.68 to 1.87)   0.97 (0.81 to 1.52)   0.81
   Low HDL cholesterol     Model 1   1.00          1.01 (0.65 to 1.58)   1.42 (0.94 to 2.16)   1.62 (1.04 to 2.51)   1.21 (1.06 to 1.38)   0.006
                           Model 2   1.00          0.92 (0.59 to 1.44)   1.22 (0.79 to 1.86)   1.27 (0.80 to 2.01)   1.12 (0.97 to 1.29)   0.13

Data were presented as OR and 95% CI. P values were calculated from multivariable logistic regression analysis in quartile of mid-upper arm circumference. Model 1: adjusted for age (years), sex, body mass index (kg/m^2^), current smoking (yes or no), current drinking (yes or no), physical activity (MET-hour/week). Model 2: further adjusted for waist circumference (cm), except for central obesity.

HDL, high-density lipoprotein; MET, metabolic equivalent task.

Association between MUAC and subclinical atherosclerosis {#s3-3}
--------------------------------------------------------

In total participants, we observed strong and positive association between MUAC and subclinical atherosclerosis with full adjustment ([table 3](#T3){ref-type="table"}). The ORs for subclinical atherosclerosis were 1.31 (95% CI 1.09 to 1.58) for quartile 2 of MUAC, 1.33 (95% CI 1.10 to 1.62) for quartile 3 and 1.45 (95% CI 1.16 to 1.80) for quartile 4 as compared with the lowest quartile (p for trend=0.005). When stratified by sex, statistically significant results were observed among women but not among men.

###### 

Association between mid-upper arm circumference and subclinical atherosclerosis in total and sex-specific participants

                       OR (95% CI)   P for trend                                                                             
  -------------------- ------------- --------------------- --------------------- --------------------- --------------------- --------
  Total                                                                                                                      0.20\*
  Cases/participants   472/1510      541/1570              555/1582              590/1625              2158/6287             
   Model 1             1.00          1.16 (1.00 to 1.34)   1.19 (1.02 to 1.38)   1.25 (1.08 to 1.45)   1.06 (1.01 to 1.12)   0.004
   Model 2             1.00          1.30 (1.08 to 1.56)   1.30 (1.07 to 1.58)   1.35 (1.09 to 1.67)   1.06 (0.98 to 1.15)   0.013
   Model 3             1.00          1.31 (1.09 to 1.58)   1.33 (1.10 to 1.62)   1.45 (1.16 to 1.80)   1.08 (0.99 to 1.17)   0.005
  Women                                                                                                                      
  Cases/participants   287/1110      327/1048              275/922               282/897               1171/3977             
   Model 1             1.00          1.30 (1.08 to 1.57)   1.22 (1.00 to 1.48)   1.32 (1.09 to 1.60)   1.07 (1.00 to 1.14)   0.014
   Model 2             1.00          1.54 (1.24 to 1.93)   1.43 (1.18 to 1.82)   1.53 (1.17 to 2.02)   1.11 (1.01 to 1.23)   0.007
   Model 3             1.00          1.54 (1.24 to 1.93)   1.42 (1.11 to 1.83)   1.66 (1.26 to 2.20)   1.14 (1.03 to 1.26)   0.002
  Men                                                                                                                        
  Cases/participants   185/400       214/522               280/660               308/728               987/2310              
   Model 1             1.00          0.81 (0.62 to 1.05)   0.86 (0.67 to 1.10)   0.85 (0.67 to 1.09)   0.93 (0.85 to 1.02)   0.39
   Model 2             1.00          0.89 (0.64 to 1.23)   1.04 (0.75 to 1.44)   1.00 (0.70 to 1.45)   0.97 (0.85 to 1.11)   0.71
   Model 3             1.00          0.90 (0.65 to 1.25)   1.06 (0.76 to 1.48)   1.05 (0.72 to 1.52)   0.99 (0.86 to 1.06)   0.54

Data were presented as OR and 95% CI. P values were calculated from multivariable logistic regression analysis.

\*The interaction of mid-upper arm circumference (MUAC) with sex on subclinical atherosclerosis. Model 1: unadjusted. Model 2: adjusted for age (years), sex, body mass index (kg/m^2^), current smoking (yes or no), current drinking (yes or no), physical activity (MET-hour/week), waist circumference (cm). Model 3: further adjusted for C-reactive protein (mg/L), total cholesterol (mmol/L), high-density lipoprotein (HDL) cholesterol (mmol/L), low-density lipoprotein (LDL) cholesterol (mmol/L), triglycerides (mmol/L), fasting plasma glucose (mmol/L) and systolic blood pressure (mm Hg).

MET, metabolic equivalent task.

Stratification analyses by traditional cardiovascular risk factors {#s3-4}
------------------------------------------------------------------

We further examined the association between MUAC and subclinical atherosclerosis across strata of traditional cardiometabolic risk factors. In women, MUAC was associated with subclinical atherosclerosis among participants aged ≥62 years, with BMI ≥25 kg/m^2^ or WC \<88 cm ([figure 1A](#F1){ref-type="fig"}), and among participants with diabetes, insulin resistance, or hypertension ([figure 1B](#F1){ref-type="fig"}). Moreover, there were significant interactions of MUAC with diabetes and insulin resistance on subclinical atherosclerosis (p for interaction=0.04 and 0.01, respectively). These association patterns were not observed in men ([online supplementary figure 1](#SP1){ref-type="supplementary-material"}).

![Stratification analysis of the association between mid-upper arm circumference (MUAC) and subclinical atherosclerosis in women. (A) All participants were divided into subgroups based on their average age (age \<62 years, age ≥62 years), body mass index (BMI \<25 kg/m^2^, BMI ≥25 kg/m^2^) or waist circumference (WC \<88 cm or WC ≥88 cm). (B) All participants were divided into subgroups based on diabetes (yes or no), insulin resistance (yes or no) or hypertension (yes or no). Data were presented as OR and 95% CI. P values were calculated from multivariable logistic regression analysis. Adjusted for age (years), body mass index (kg/m^2^), current smoking (yes or no), current drinking (yes or no), physical activity (MET-hour/week), WC (cm), C-reactive protein (mg/L), total cholesterol (mmol/L), high-density lipoprotein (HDL) cholesterol (mmol/L), low-density lipoprotein (LDL) cholesterol (mmol/L), triglycerides (mmol/L), fasting plasma glucose (mmol/L) and systolic blood pressure (mm Hg). MET, metabolic equivalent task.](bmjopen-2019-028904f01){#F1}

To further evaluate whether the association of MUAC with subclinical atherosclerosis is influenced by BMI and WC, we replicated the analyses within combinations of BMI and WC. In women, those with higher WC were more likely to have larger MUAC, regardless of BMI levels ([figure 2A](#F2){ref-type="fig"}). MUAC was also independently associated with subclinical atherosclerosis in the combination of WC \<88 cm and BMI \<25 kg/m^2^ (MUAC each 1-quartile increment, OR 1.22; 95% CI 1.05 to 1.43) and the combination of WC \<88 cm and BMI ≥25 kg/m^2^ (MUAC each 1-quartile increment, OR 1.40; 95% CI 1.11 to 1.77) ([figure 2B](#F2){ref-type="fig"}).

![Association between MUAC and subclinical atherosclerosis according to combined categories of BMI and WC. (A) MUAC in the BMI and WC subgroups in women. (B) Association of MUAC with risk of subclinical atherosclerosis in the BMI and WC subgroups in women. Adjusted for age (years), body mass index (kg/m^2^), current smoking (yes or no), current drinking (yes or no), physical activity (MET-hour/week), WC (cm), C-reactive protein (mg/L), total cholesterol (mmol/L), high-density lipoprotein (HDL) cholesterol (mmol/L), low-density lipoprotein (LDL) cholesterol (mmol/L), triglycerides (mmol/L), fasting plasma glucose (mmol/L) and systolic blood pressure (mm Hg). BMI, body mass index; MET, metabolic equivalent task; MUAC, mid-upper arm circumference; WC, waist circumference.](bmjopen-2019-028904f02){#F2}
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In this cross-sectional study of 6287 community-dwelling Chinese adults, MUAC was positively associated with a series of cardiometabolic disorders including central obesity, hypertension, low HDL cholesterol and subclinical atherosclerosis. These associations were independent from traditional cardiovascular risk factors, and were more prominent in women. Moreover, we observed significant interactions of MUAC with diabetes and insulin resistance in relation to subclinical atherosclerosis.

MUAC has been accepted as a widely used indicator of upper body adiposity in children, adolescents and adults.[@R20] Previous studies have shown mixed results on the associations between MUAC and CVD.[@R22] Findings from a retrospective cohort study of 570 Japanese adults have suggested that MUAC may play a complementary role to BMI in predicting prognosis in patients with heart failure.[@R22] In addition, a cross-sectional study of 93 pubertal obese adolescents from Brazil has associated a larger MUAC with a higher level of HOMA-IR and a higher cardiometabolic risk score.[@R23] On the contrary, results from the Health Effects of Arsenic Longitudinal Study of 562 middle-aged participants who were free of CVD in rural Bangladesh have shown no relationship between MUAC and CIMT.[@R24] Our study has extended the existing evidence by demonstrating that a greater MUAC was associated with higher prevalent risk of multiple cardiometabolic disorders including central obesity, hypertension, low HDL cholesterol and subclinical atherosclerosis in Chinese adults, particularly among women. Central obesity, hypertension, low HDL cholesterol and subclinical atherosclerosis have been robustly associated with increased risks of CVD, therefore detecting more effective risk factors for these cardiometabolic disorders is critical to the prevention of CVD. Our findings highlight the importance of paying more attention to women with higher MUAC in the early identification and precise prevention of cardiometabolic disorders.

Explanations for the observations between MUAC and cardiometabolic risk are multifactorial. Our study found that MUAC level tended to decrease with age and there was a stronger association between MUAC and subclinical atherosclerosis among women aged 62 years or older. Ageing is a critical factor in the changing process of metabolism and body composition. Fat-free mass and muscle mass reduced while substantial visceral fat increased with ageing, even under the condition of body weight unchanged.[@R25] It has been documented that individuals aged greater than 65 years would suffer a reduction in muscle mass over 25% per year; and this rate can be accelerated to 50% per year for those older than 80 years.[@R25] In addition, we found that MUAC was associated with subclinical atherosclerosis in a sex-specific manner. One plausible explanation for the sex difference in MUAC-subclinical atherosclerosis relationship may be due to the biological differences between men and women, such as hormones effect, immune system responses, muscle capacity and physical function. For instance, men tend to have greater muscle capacity and higher muscle mass than women due to higher levels of testosterone.[@R26] Body fat redistributes to upper body and to a preferential adiposity around the waist with age and this trend was more obvious in women than in men.[@R27] The sex difference in redistribution of body fat may partly contribute to the observed more predominant associations between MUAC and cardiometabolic disorders among women.

The strength of this study is the comprehensive analyses of the association between MUAC and a wide spectrum of cardiometabolic risk profiles in a well-defined community setting with fair sized sample and desirable population homogeneity. Several limitations should be considered. First, due to a cross-sectional nature of the present study, no causal inference can be drawn. Second, although our findings supported that MUAC could be a reliable surrogate of upper body adiposity, MUAC is a measurement which reflects both adipose and lean tissue rather than a direct indicator for adiposity. Third, although we have carefully adjusted for multiple confounders, age-related changes in body composition might influence these findings. Fourth, MUAC measurement was performed on the left arm, though it should be determined on the non-dominant arm. Given that the majority of Chinese population were right-handers, measurement protocol employed in our study for MUAC was acceptable. Finally, this study was restricted to middle-aged and elderly Chinese adults, and the generalisability of our findings should be cautious to other demographic and ethnic populations.

In conclusion, our study provided novel evidence of positive associations between MUAC and cardiometabolic disorders as well as subclinical atherosclerosis in Chinese population. Our findings suggest that MUAC, as a convenient and inexpensive measurable metric, can be potentially used as a risk stratification indicator in the early detection and prevention of CVD.
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